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© Single-crystal wafer having a superconductive ceramic thin film formed thereon. 



© A superconductive ceramic thin film-formed 
single-crystal wafer comprising , a single-crystal wa- 
fer, an intermediate ceramic thin film formed on a 
surface of the single-crystal wafer, and a supercon- 
ductive ceramic thin film formed on the intermediate 
ceramic thin film. The intermediate ceramic thin film 
comprises, as a main phase, a crystalline phase 
having a composition by atomic ratio of Bi 2 Sr 2 Ca x O y 
(provided that x: 1 to 2; and y: 6 to 7), and the 
^ superconductive ceramic thin film comprises, as a 
qj main phase, a crystalline phase having a composi- 
O tion by atomic ratio selected from the group consist- 
r " ing of Bi 2 Sr 2 CaiCu 2 0s and Bi 2 Sr 2 Ca 2 Cu3 0io. Alter- 
ed natively, the intermediate ceramic thin film com- 
V" prises, as a main phase, a crystalline phase having a 
^ composition by atomic ratio selected from the group 
O consisting of TliBa 2 Ca s O t (provided that s: 1 to 2; 
ft and t 4.5 to 5.5) and TI 2 Ba 2 Ca v O w (provided that v: 
m 1 to 3; and w: 6 to 8), and the superconductive 
ceramic thin film comprises, as a main phase, a 
crystalline phase having a composition by atomic 



ratio selected from the group consisting of 

Tl 2 Ba 2 Cai Cu 2 Os , T! 2 Ba 2 Ca 2 CU3O1 0 . 

TiiBa 2 CaiCu 2 0 7 , TliBa 2 Ca 2 Cu309, and 
Th Ba 2 Ca3Cu40n. 
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SINGLE-CRYSTAL WAFER HAVING A SUPERCONDUCTIVE CERAMIC THIN FILM FORMED THEREON 



BACKGROUND OF THE INVENTION 



This invention relates to a single-crystal wafer 
having a superconductive ceramic thin film formed 
thereon for semiconductor devices, such as LSI's 
and Josephson devices. 

Conventionally, attempts have been made to 
use as a material for semiconductor devices, such 
as LSI's and Josephson devices, a single-crystal 
wafer having a superconductive ceramic thin film 
formed thereon (hereinafter referred to as "a super- 
conductive thin film-formed wafer"), which is pre- 
pared by forming a superconductive ceramic thin 
film (hereinafter referred to as "a superconductive 
thin film") containing as a main phase a crystalline 
phase having a composition by atomic ratio se- 
lected from the group consisting of 
Bi2Sr2CaiCu20s and Bi2Sr2Ca2Cu30io on a sur- 
face of a single-crystal wafer formed of Si, Ga-As, 
or the like by sputtering or PVD (physical vapor 
deposition) by the use of a target having a com- 
position by atomic ratio selected from the group 
consisting of Bi 2 Sr2CaiCu30io and 
Bi2Sr 2 Ca2Cu4 0i2, and then subjecting the resulting 
wafer to heat treatment under an oxygen atmo- 
sphere at a temperature of 890 ° C ± 2 ° C over 20 
to 50 hours for crystalline orientation of the thin 
film. 

Also, attempts have been made to use as a 
material for semiconductor devices, such as LSI's 
and Josephson devices, a superconductive thin 
film-formed wafer, which is prepared by forming a 
superconductive thin film containing as a main 
phase a crystalline phase having a composition by 
atomic ratio selected from the group consisting of 
Tl 2 Ba 2 Cai Cu 2 0 B , Tl 2 Ba 2 Ca 2 Cu 3 0i o , 

Tl i Ba 2 Cai Cu 2 0 7 , Tl 1 Baa Ca 2 Cu 3 0 9 . and 
TliBa 2 Ca3Cu*On on a surface of a single-crystal 
wafer formed of Si, Ga-As, or the like by sputtering 
or PVD (physical vapor deposition) by the use of a 
target having a composition by atomic ratio se- 
lected from the group consisting of 
Tl 2 Ba 2 Ca i Cu 3 0 1 o , Tl 2 Ba 2 Ca 2 Cu* 0 1 2 , 

Tli Ba 2 Cai Cu 3 0 8 , Tli Ba 2 Ca 2 Cu*Oi 0 and 
TliBa 2 Ca 3 Cu 5 0i2, and then subjecting the result- 
ing wafer to heat treatment in an infrared oven 
under an atmosphere containing Tl vapor at a tem- 
perature of 900 °C ± 2 * C over 10 to 30 minutes, 
followed by quenching, for crystalline orientation of 
the thin film. 

In the meanwhile, there is an increasing de- 
mand for a superconductive thin film to be formed 
on a single-crystal wafer, which has a still higher 
critical temperature (Tc) at which the film shows 



superconductivity, in order to cope with recent 
higher performance and increased wiring density of 
semiconductor devices. 

5 

SUMMARY OF THE INVENTION 



It is the object of the invention to provide a 
70 superconductive thin film-formed wafer which has a 
superconductive thin film with a higher critical tem- 
perature (Tc). 

To attain the above object, the present inven- 
tion provides a superconductive thin film- formed 
15 single-crystal wafer comprising: 
a single-crystal wafer; 

an intermediate ceramic thin film formed on a 

surface of the single-crystal wafer; and 

a superconductive ceramic thin film formed on the 

20 intermediate ceramic thin film. 

Preferably, the intermediate ceramic thin film 
comprises, as a main phase, a crystalline phase 
having a composition by atomic ratio of 
Bi 2 Sr2CaxOy (provided that x: 1 to 2; and y: 6 to 7), 

25 and the superconductive ceramic thin film com- 
prises, as a main phase, a crystalline phase having 
a composition by atomic ratio selected from the 
group consisting of 
B»2Sr2CaiCu 2 0 8 and 

3Q Bi2Sr2Ca2Cu3 0io. 

Alternatively, the intermediate ceramic thin film 
comprises, as a main phase, a crystalline phase 
having a composition by atomic ratio selected from 
the group consisting of 

35 TliBa 2 Ca s O t (provided that s: 1 to 2; and t: 4.5 to 
5.5) and 

TI 2 Ba 2 Ca v O w (provided that v: 1 to 3; and w: 6 to 
8), 

and the superconductive ceramic thin film com- 
40 prises, as a main phase, a crystalline phase having 

a composition by atomic ratio selected from the 

group consisting of Tl2Ba 2 CaiCu208, 

Tl2Ba2Ca2Cu30io, 

TliBa 2 CaiCu 2 07, 
45 Th Ba 2 ca 2 Cu309 , and 

Th Ba 2 Ca 3 Cu*On. 

Also preferably, the single-crystal wafer com- 
prises Si. 

Alternatively, the single-crystal wafer comprises 
so Ga-As. 

Preferably, the intermediate ceramic thin film 
has a thickness within a range of 500 to 2000 A. 



DETAILED DESCRIPTION 
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Under the aforestated circumstances, we have 
made studies to develop a superconductive thin 
film for single-crystal wafers, which has a higher 
critical temperature, and reached the following find- 
ings: 

If a ceramic thin film containing as a main 
phase a crystalline phase having a composition by 
atomic ratio of Bi 2 Sr 2 Ca x O y (provided that x: 1 to 2; 
and y: 6 to 7), preferably having a thickness of 500 
to 2000 A, is formed as an intermediate layer on a 
surface of a single-crystal wafer formed of Si, Ga- 
As, or the like before forming the first-mentioned 
superconductive thin film thereon, the supercon- 
ductive thin film of the superconductive thin film- 
formed wafer after being subjected to heat trea- 
ment for crystalline orientation of the thin film has a 
still higher critical temperature. 

If a ceramic thin film containing as a main 
phase a crystalline phase having a composition by 
atomic ratio selected from the group consisting of 
TliBa 2 Ca fi O t (provided that s: 1 to 2; and t: 4.5 to 
5.5) and TI 2 Ba 2 Ca v O w (provided that v: 1 to 3; and 
w: 6 to 8), preferably having a thickness of 500 to 
2000 A, is formed as an intermediate layer on a 
surface of a single-crystal wafer formed of Si, Ga- 
As, or the like before forming the second-men- 
tioned superconductive thin film thereon, the super- 
conductive thin film of the superconductive thin 
film-formed wafer after being subjected to heat 
treament for crystalline orientation of the thin film 
also has a still higher critical temperature. 

The present invention is based upon the above 
findings, and provides a supercondutive thin film- 
formed wafer having the aforestated structure. 

The compositions of the crystalline phases 
which each form the main phase of the intermedi- 
ate thin film of the superconductive thin film-formed 
wafer according to the invention have been experi- 
mentally determined. As clearly shown by com- 
parative examples in Tables 1 and 2 set forth 
hereinafter, if the main phase is a crystalline phase 
having a composition outside the above-described 
range, the wafer does not exhibit a desirably high 
critical temperature. 

Further, the thickness of the intermediate thin 
film of the superconductive thin film-formed wafer 
according to the invention is preferably 500 to 2000 
A, because if the thickness is smaller than 500 A, 
the critical temperature cannot be increased to a 
desired level, whereas if the thickness is greater 
than 2000 A, the critical temperature can be in- 
creased to a desired level, but no greater effect 
can be obtained by increasing the thickness above 
2000 A. Therefore, it is not economical to form the 
thin film having a greater thickness. 

Examples of the superconductive thin film- 



formed wafer according to the invention will be 
described in detail below. 



5 Example 1 

As a substrate, a single-crystal wafer of Si 
having a diameter of 50.0 mm and a thickness of 
0.35 mm was prepared. The substrate was moun- 

w ted on a conventional sputtering apparatus. Sput- 
tering was carried out by the use of a target for 
formation of an intermediate thin film, which has a 
composition shown in Table 1, a diameter of 127 
mm and a thickness of 6 mm, under the following 

75 conditions: 

Radio Frequency Power (13.56 MHz): 200 W 
Degree of Vacuum: 20 m torr 
Atmosphere: 0 2 /Ar + 0 2 ) = 1/5 (v/v) 
Distance between Substrate and Target: 70 mm 

20 Substrate Temperature: 680 ° C 

Thus, an intermediate thin film having substan- 
tially the same composition as the target and an 
average thickness shown in Table 1 was formed on 
a surface of the substrate. Then, sputtering was 

25 carried out by the use of a target for formation of a 
superconductive thin film, which has a composition 
shown in Table 1, a diameter of 127 mm and a 
thickness of 6 mm, under the following conditions: 
Radio Frequency Power (13.56 MHz): 200 W 

30 Degree of Vacuum: 10 m torr 

Atmosphere: 0 2 /(Ar + Oz) = 1/10 (v/v) 
Distance between Substrate and Target: 70 mm 
Substrate Temperature: 720 * C 

Thus, a superconductive thin film in which the 

35 main crystalline phase has a composition, a con- 
tent, and an average thickness shown in Table 1 
was formed on the intermediate thin film. The re- 
sulting film-formed wafer was further subjected to 
heat treatment 
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for crystalline orientation under an atmosphere con- 
taining oxygen at a temperature of 890 " C over 35 
hours to obtain a superconductive thin film-formed 
wafer. In this manner, there were prepared super- 
conductive thin film-formed wafers Nos. 1 to 6 5 
according to the invention and comparative super- 
conductive thin film-formed wafers Nos. 1 to 3. 

The comparative superconductive thin film- 
formed wafers Nos. 1 to 3 each contain an inter- 
mediate thin film having a composition outside the 10 
scope of the present invention. 

Then, the critical temperature (Tc) of the super- 
conductive thin films of the superconductive thin 
film-formed wafers Nos. 1 to 6 of the present 
invention and the comparative superconductvie thin 75 
film-formed wafers Nos. 1 to 3 was measured. The 
results are shown in Table 1 . 

From the results, it is clear that by virtue of the 
presence of the intermediate thin film, the super- 
conductive thin films of the superconductive thin 20 
film-formed wafers Nos. 1 to 6 according to the 
invention have higher critical temperatures than the 
comparative wafer No. 1 which has no intermediate 
thin film, and the comparative wafers Nos. 2 and 3 
which each have an intermediate thin film having a 25 
composition outside the scope of the present in- 
vention. 



Example 2 00 

As a substrate, a single-crystal wafer of Si 
having a diameter of 50.0 mm and a thickness of 
0.35 mm was prepared. The substrate was moun- 
ted on a conventional sputtering apparatus. Sput- os 
tering was carried out by the use of a target for 
formation of an 
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intermediate thin film, which has a composition 
shown in Tab(e 2, a diameter of 127 mm and a 
thickness of 6 mm, under the following conditions: 
Radio Frequency Power (13.56 MHz): 200 W 
Degree of Vacuum: 20 m torr 
Atmosphere: CV(Ar + 0 2 ) = 1/5 (v/v) 
Distance between Substrate and Target: 70 mm 
Substrate Temperature: 680 ° C 

Thus, an intermediate thin film having substan- 
tially the same composition as the target and an 
average thickness shown in Table 2 was formed on 
a surface of the substrate. The resulting wafer was 
subjected to heat treatment for crystallization by 
holding same in an infrared oven under a Tl at- 
mosphere at a temperature of 700 "C over 10 
minutes, followed by quenching. Then, sputtering 
was carried out by the use of a target for formation 
of a superconductive thin film, which has a com- 
position shown in Table 2, a diameter of 127 mm 
and a thickness of 6 mm, under the following 
conditions: 

Radio Frequency Power (1 3.56 MHz): 200 W 
Degree of Vacuum: 1 0 m torr 
Atmosphere: 0 2 /(Ar + 0 2 ) - 1/10 (v/v) 
Distance between Substrate and Target: 70 mm 
Substrate Temperature: 720 " C 

Thus, a superconductive thin film in which the 
main crystalline phase has a composition, a con- 
tent, and an average thickness shown in Table 2 
was formed on the intermediate thin film. The re- 
sulting wafer was further subjected to heat treat- 
ment for crystalline orientation by holding same in 
an infrared oven under a Tl atmosphere at a tem- 
perature of 900 8 C over 30 minutes, followed by 
quenching, to obtain a superconductive thin film- 
formed wafer. In this manner, there were prepared 
superconductive thin film-formed wafers Nos. 7 to 
12 according to the invention and comparative 
superconductive thin film-formed wafers Nos. 4 to 
8. 

The comparative superconductive thin film- 
formed wafers Nos. 4 to 8 each contain an inter- 
mediate thin film having a composition outside the 
scope of the present invention. 

Then, the critical temperature (Tc) of the super- 
conductive thin films of the superconductive thin 
film-formed wafers Nos. 7 to 12 of the present 
invention and the comparative superconductvie thin 
film-formed wafers Nos. 4 to 8 was measured. The 
results are shown in Table 2. 

From the results, it is clear that by virture of 
the presence of the intermediate thin film, the 
superconductive thin films of the superconductive 
thin film-formed wafers Nos. 7 to 12 according to 
the invention have higher critical temperatures than 
comparative wafer No. 4 which has no intermediate 
thin film, and the comparative wafers Nos. 5 to 8 



which each have an intermediate thin film having a 
composition outside the scope of the present in- 
vention. 

As described above, the wafer according to the 
5 invention has a superconductive thin film showing a 
markedly high critical temperature. Therefore, 
semiconductor devices prepared therefrom can ful- 
ly satisfy the demand for higher performance and 
increased wiring density of semiconductor devices. 

w 

Claims 

1. A superconductive ceramic thin film-formed 
75 single-crystal wafer comprising: 
a single-crystal wafer; 

an intermediate ceramic thin film formed on a 
surface of said single-crystal wafer; and 
a superconductive ceramic thin film formed on 
20 2. A wafer as claimed in claim 1, wherein said 
intermediate ceramic thin film comprises, as a 
main phase, a crystalline phase having a composi- 
tion by atomic ratio of 

Bi2Sr 2 Ca x O y (provided that x: 1 to 2; and y: 6 to 7), 
25 and said superconductive ceramic thin film com- 
prises, as a main phase, a crystalline phase having 
a composition by atomic ratio selected from the 
group consisting of 
Bi2Sr 2 CaiCu 2 0 8 and 
30 Bi 2 Sr 2 Ca 2 Cu3O10. 

3. A wafer as claimed in claim 1, wherein said 
intermediate ceramic thin film comprises, as a 
main phase, a crystalline phase having a composi- 
tion by atomic ratio selected from the group con- 

35 sisting of 

TliBa 2 Ca s O, (provided that s: 1 to 2; and t: 4.5 to 
5.5) and 

T1 2 Ba 2 Ca v O w (provided that v: 1 to 3; and w: 6 to 
8). 

40 and said superconductive ceramic thin film com- 
prises, as a main phase, a crystalline phase having 
a composition by atomic ratio selected from the 
group consisting of 
Ti 2 Ba 2 Cai Cu 2 Os, 

45 TI 2 Ba 2 Ca 2 Cu30io, 
TIiBa 2 Cai CU2O7, 
TliBa 2 Ca 2 Cu 3 09, and 
ThBa 2 Ca3Cu4 0n. 

4. A wafer as claimed in any of claims 1 to 3, 
50 wherein said single-crystal wafer comprises Si. 

5. A wafer as claimed in any of claims 1 to 3, 
wherein said single-crystal wafer comprises Ga-As. 

6. A wafer as claimed in any of claims 1 to 3, 
wherein said intermediate ceramic thin film has a 

55 thickness within a range of 500 to 2000 A. 



EP 0 412 199 A1 



3 



Europaisches E UROPAISCHER RECHERCHENBERICHT 
Patentamt 



Nammer der Aametdang 

EP 89 11 4897 



EINSCH L AGIGE DOKUMENTE 



(Categoric 



Kennzetcfanung des Dokumeats mtt Angabc, soweit erforderiich, 
der maBgebtichcn Teile 



EP-A-0 301 525 (MATSUSHITA) 

Column 6, lines 26-58; claims 1-9 * 

EXTENDED ABSTRACTS OF THE 20TH 
CONFERENCE ON SOLID STATE DEVICES AND 
MATERIALS, 24th-26th August 1988, pages 
427-430, Tokyo, JP; M. MIYAUCHI et al.: 
"Formation of Y-Ba-Cu-0 superconducting 
thin films on semiconductor substrates" 

* Page 427, paragraph 2; page 428, 
paragraph 6 * 

EP-A-0 337 699 (TOSHIBA) 

* Claims 1-2 * 



vorliegende Rechercbenbericht wurde fur alk Patentansp ruche ersteilt 



Betrtfft 
Ansprnch 



1,4-6 
1,4-6 



2-3 



KJLASSIFIKATION DER 
ANMELDUNG (IM. q.5) 



H 01 L 39/24 



RECHERCHIERTE 
SACHGEBIETE (Int. CIS) 



H 01 L 39 



DEN HAAG 



Abscftiafld*a> der tecteftbe 

11-04-1990 



PrMfer 

HAMMEL E.J. 



KATEGORIE DER CENANNTEN DOKLiMESTE 

X : von bcsonderer fiedeatung aliein betrachtet 

Y : von bcsonderer Bedeutung in Verbindung nit einer 

anderen VeroffcntHcfaung derselben Kategorie 
A : teefanologlscber Hintergrmnd 
O : nichtscfariftlicbe Offenbarung 
P : ZwischenJiteratnr 



T : der Erfinduog zugrunde liegende Tbeorien oder Gruodsatze 
E : Uteres Paientdokument, das jedocb erst am oder 

nacn dem Anmetdedatum veroffentlicht worden 1st 
D : in der Anmeldung angefuhrtes Dokumeat 
L : aus andern Gritadeo angefUhrtes Dokumenl 



& : Mitglied der gleichen Patentfamilie, ubereinsiimmendes 
Dokumenl 



8 



